Bacilli isolated by us and others from cases of human leprosy can be separated into two groups: (i) those whose acid fastness changes markedly depending upon the medium in which they are grown and (ii) those which are acid fast on all media tested. Our attention was drawn to the fact that members of the first group also exhibited marked changes in morphology when cultivated under a variety of conditions. Negatively stained whole bacteria as well as ultrathin sections of these bacilli, grown in different media, reveal remarkable differences in their cell envelopes, especially in the rigid layer and areas external to that layer. A consideration of these changes in ultrastructure is the purpose of this paper. Since two of the strains selected for study were closely related to or identical with Corynebacterium (Propionibacterium) acnes (6, 11) and the anaerobic species reported by Prevot (8) to be associated with deep-seated infections, a strain of C. acnes has been included for comparison. The media employed by us for the primary isolation of the bacteria under consideration were enriched and osmotically buffered to insure the growth of various nutritionally exacting bacteria as well as osmotically sensitive organisms. Such media support the growth of both "soft" and "hard" forms of the bacteria with which this paper is concerned. Butter-agar, described for the first time, promotes the rapid growth of a number of members of the genera Corynebacterium, Mycobacterium, Nocardia, and Actinoplanes.
MATERIALS AND METHODS
Characterization of bacteria employed. Corynebacterium acnes ATCC 11827. Anaerobic; grows well Blood-agar consisted of 5% (v/v) rabbit blood in Brain Heart Infusion Agar (Difco).
Fragility of cells. A number of strains considered in this study tended to lyse in media lacking an osmotic buffer. Furthermore, cells which were intact in wet mounts examined under phase contrast microscopy lysed when subjected to the Gram stain. Fixation of the smears of the cells in 0.5% Formalin greatly reduced this tendency toward lysis. Whereas the washing of cells in saline or buffer solutions resulted in a considerable amount of lysis, sufficient numbers of intact cells remained for fixation and staining in preparations for light-and electron-microscopic examination.
Treatment of cells to demonstrate the presence of rigid layer (peptidoglycan, = mucopeptide = murein). Cells were grown for 2 days at 37 C, harvested, and washed 3 times in 0.067 M phosphate buffer, pH 7.2. Sodium dodecyl sulfate (SDS) was added (1%; w/v) to the washed cells, and the mixture was incubated for 2 hr at 25 C followed by centrifugation and suspension in alkaline ethyl alcohol (5% KOH in absolute ethyl alcohol) and allowed to stand for 3 hr at 37 C with occasional shaking. The extracted cells were centrifuged, washed twice with absolute alcohol, and then three times with distilled water. RESULTS Examination by electron microscopy of thin sections and negatively stained whole cells are the basis for the composite, diagrammatic sketch of a sectioned bacterium shown in Fig. 1 .
At the cell surface is an outer membranous layer (OML) which overlies an outer transparent zone (OTZ). This OTZ separates the superficial OML from an underlying dense middle layer (ML). Under the ML is an inner transparent zone (ITZ) separating it from the plasma membrane (PM). The PM appears to be continuous with the mesosome which often is intimately associated with the "chromatin" of the cell. Among other cytoplasmic inclusions are ribosomes and dense granules (DG, considered by us to be polyphosphate since cells stained with toluidine blue 0 and, upon examination under the light microscope, revealed metachromatic granules similar in size and location in the cell to those seen in thin sections). The abbreviations used here are employed in the following descriptions of the comparative fine structure of the bacilli under consideration.
Strain 22M S-medium phenotypes. From Fig. 2 can clearly be seen the relationship to one another of the OML (20 nm thick), the OTZ (4 nm thick), septa, ITZ (see also Fig. 5 (Fig. 3) ; the latter may also be found free in the suspending medium. Whereas the ITZ, which helps delimit the PM, is not prominent in cells grown in standard medium (Fig. 2) , it is readily discernible in cells grown in Dubos albumin medium (Difco; Fig. 4 exhibited marked morphological differences from those grown in S-medium, and in them there was bizarre disruption of processes concerned with cell division. The appearance of the cell envelope was altered in glycerol medium. The OML was closely bound to the underlying OTZ, and the surface was relatively unwrinkled; surface blebs (vesicles) were uncommon and ribbonlike structures seen in cells grown in S-medium were not found. Disruption of normal cell division was manifested by the occurrence of disorderly septum formation, giving rise to multicellular units (Fig. 6) ; sometimes sectioned cells gave the appearance of a daughter cell within a parental ULTRASTRUCTURAL CHANGES IN BACTERIA cell (Fig. 7) . Mesosomes were characteristically of the laminated type (Fig. 8) rather than the vesiculated type (Fig. 2) . Negatively stained whole cells of strain 22M grown either in glycerol or in galactose medium contain numerous mesosomes and also show large dense granules (Fig. 9) . Cells of the same phenotype stained with toluidine blue 0 and examined under the light microscope are found to contain metachromatic granules similar in number, in proportion, and in location in the cell to the DG seen in Fig. 9 .
Strain 2628T60 S-medium phenotype. In Fig.  10 bacilli of strain T60 can be seen as a series of unseparated cells. The OML appears more closely bound to its ML than did that of strain 22M. The ML varies in thickness from 10 to 100 nm. The OTZ is most evident between adjacent cells. Dense granules were not found in cells grown in S-medium and complex tubular foldings of the mesosomes were uncommon.
Strain 2628T60 glycerol and galactose medium phenotypes. Sections of cells grown in glycerol medium are shown in Fig. 11 to 15 . Here, as with strain 22M, division is disordered (Fig. 12 ) and daughter cells are found within parent cells (Fig. 11 ). There are in some cells large accumulations of ML (Fig. 14) . It is not uncommon to find mesosomal threads connected to the septa (Fig. 15) as well as closely associated with the nucleus (Fig. 13) . Negatively stained cells grown in glycerol (Fig. 16) and in galactose (Fig. 17 ) media all show elaborate mesosomes and large dense granules.
When "cell wall" preparations of T60 were extracted with alkaline ethyl alcohol and digested with Pronase, the middle layers remained (Fig.  18) . These are the rigid layers of the cell. Although they probably are peptidoglycan in nature, they were resistant to lysozyme.
Strain 2629LT S-medium phenotype. Cells of strain LT differ from the other strains thus far considered in that the layers of the cell envelopes are less clearly delimited. The OML is a loose and granular "structure." The OTZ is difficult to discern except at the junctures of two unseparated cells (Fig. 19) . The dense ML (25 nm in width) is delimited from the PM by an ITZ scarcely 3.5 nm wide.
Strain 2629LT glycerol and galactose medium phenotypes. Cells grown in glycerol medium seem to possess a thicker ML of about 40 nm thickness and a spongy OML. The cell division mechanism otz :
of these strains seems less affected by glycerol and galactose medium than that of the other strains. Cells grown in either standard medium or glycerol or galactose medium possessed numerous complex membranous structures projecting into the cytoplasm as shown in Fig. 20 and 21. Strain SF. The behavior of strain SF in Smedium and in glycerol and galactose medium in much like that of strain LT and an examination of thin sections indicates much in common between the two (cf. Fig. 22 with Fig. 19 ). Both strains have a triply layered plasma membrane bounded by an electron transparent ITZ, and n both the major structure of the envelope is a densely staining ML bounded on its outer surface by an ill-defined granular layer. An OTZ is discernible only at sites of cross wall formation.
Sections of cells grown on butter-agar are shown in Fig. 22 . The ITZ measures 2.7 nm for cells from butter-agar, 6.2 nm for cells from blood-agar, and 24 nm for cells grown in Smedium. The thickness of the ML also varies according to which of the media was used for propagating the cells, being 28 nm thick for Smedium, 24 nm for blood-agar, and 35 nm for butter-agar.
Corynebacterium acnes (ATCC 11827). Sections of strain 11827 possess an OML (Fig. 23) lying OTZ is about 12 nm in width and the adjacent ML varies from 40 to 190 nm in width. The cytoplasm contains finely granular material similar to that seen in thin sections of strains 22M and T60. Ribosomes are found aggregated and dense granules are frequently seen in this strain of C. acnes. DISCUSSION The anatomical components common to the group of organisms considered here include a complex cell envelope consisting of an outermost layer, an OTZ, an ML, and an ITZ next to the PM. These latter three areas are also found in the septal initials and in mature septa. Infoldings of the PM appear commonly as tubular structures, vesicular in section, or sometimes as finely lamellated "inclusions." Each of the bacilli studied exhibits a certain lack of order in the synthesis of the components of the envelope or the membrane system or both. These disordered syntheses vary from organism to organism and seem more exaggerated in some media than in others. For example, the OML of strain LT grown in S-medium (Fig. 19) is far more compact than is the OML of the same strain grown in glycerol medium. Similar contrasts are found in strain 22M which produces long ribbonlike structures in S-medium (Fig. 3) and surface blebs in Dubos Albumin Broth (Difco) (Fig. 4) . The difference in the width of the OML is striking in the former and the extent of the OTZ is remarkable in the latter. The ML of strain T60 is apparent under all conditions of growth ( Fig. 11-15 ), but its synthesis becomes unbalanced to an amazing degree in many of the cells growing in glycerol medium (Fig. 14) . More than 50% of the central cell shown in Fig. 14 consists of ML, supposedly a lysozyme-resistant peptidoglycan (see above). Many cells of populations of T60, grown in any of the media used in these studies, lyse in solutions of low osmolarity such as phosphate buffer, in the process of being Gram stained or being prepared for electron microscopy. This osmotic fragility is probably to be attributed to an inherent tendency toward leakiness resulting from uneven deposition of structural materials in the cell envelope. In the presence of osmotic buffering, leaky cells would accumulate; in the absence of such buffering, leaky cells would lyse. Examination of the cells in section and of negatively stained whole cells indicates the kind of imperfections in cell envelopes that are found in cultures of strain T60. In the absence of osmotic buffering, cells such as the darkly stained ones in Fig. 11 , the cell shown in Fig. 13 , and those comprising Fig. 16 and 17 are probably essential for viability of the culture.
The inward elaborations of the PM seen in this study manifest themselves as convoluted structures as in Fig. 9, 16 Fig. 2 . Lamellated mesosomes predominate under certain conditions, as in the glycerol medium phenotype of strain 22M shown in Fig. 8 (contrast with the S-medium phenotype of 22M shown in Fig. 2 ). It should be mentioned, however, that in a very rare cell of strain 22M both tubular and lamellated infoldings continuous with the PM may be seen. The excessive number of mesosomes seen in the glycerol medium phenotype of strain 22M (Fig. 9 ) appear related to the disordered septations evident in Fig. 6 and 7 . A similar situation seems to obtain in the case of strain T60 (Fig. 11-15 ). On the other hand, in strain LT, cross wall formation seemed reasonably well ordered in all of the various media. Note, however, the disordered septum in the galactose medium phenotype of strain LT shown in Fig. 21 .
Acid fastness. When cells grown in standard medium were examined for acid fastness only a very occasional cell was acid fast. Far more acidfast granules and cells were found among populations grown in glycerol medium. This is in general agreement with the results obtained by Harrington who examined the effect of growth in glycerol medium upon the acid fastness of a variety of bacteria belonging to the genera Corynebacterium, Nocardia, and Mycobacterium (4) .
Among naturally occurring osmotically fragile bacteria, the mesosome and the rigid layer are lacking as in L-forms or in mycoplasmas where the PM appears to be differently organized and to serve some of the functions of the cell envelope. The osmotically fragile organisms discussed here fall into a different class: organisms which possess mesosomes and are surrounded by a rigid layer but in which some disorder of the processes of septum and envelope formation leads to deformed, multiseptate, and osmotically fragile cells.
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